Metal-ion-dependent catalysis and specificity of CCA-adding enzymes: a comparison of two classes.
The CCA-adding enzymes [ATP(CTP):tRNA nucleotidyl transferases] catalyze synthesis of the conserved and essential CCA sequence to the tRNA 3' end. These enzymes are divided into two classes of distinct structures that differ in the overall orientation of the head to tail domains. However, the catalytic core of the two classes is conserved and contains three carboxylates in a geometry commonly found in DNA and RNA polymerases that use the two-metal-ion mechanism for phosphoryl transfer. Two important aspects of the two-metal-ion mechanism are tested here for CCA enzymes: the dependence on metal ions for catalysis and for specificity of nucleotide addition. Using the archaeal Sulfolobus shibabae enzyme as an example of the class I, and the bacterial Escherichia coli enzyme as an example of the class II, we show that both enzymes depend on metal ions for catalysis, and that both use primarily Mg2+ and Mn2+ as the "productive" metal ions, but several other metal ions such as Ca2+ as the "nonproductive" metal ions. Of the two productive metal ions, Mg2+ specifically promotes synthesis of the correct CCA, whereas Mn2+ preferentially accelerates synthesis of the noncognate CCC and poly(C). Thus, despite evolution of structural diversity of two classes, both classes use metal ions to determine catalysis and specificity. These results provide critical insights into the catalytic mechanism of CCA synthesis to allow the two classes to be related to each other, and to members of the larger family of DNA and RNA polymerases.